Rapid sequence induction is currently the recommended technique for general anaesthesia for caesarean section 1 . In addition to using a precalculated dose of intravenous anaesthetic plus a rapid-acting muscle relaxant, this technique requires direct laryngoscopy and tracheal intubation while cricoid pressure is applied 2 . One of the greatest concerns with this approach is the known high incidence of difficult laryngoscopy and failed intubation in a group of patients who are also at risk of rapidly developing hypoxaemia 3 . Indeed, maternal death due to a failure to oxygenate was noted to increase when rapid sequence induction was first introduced into clinical practice 4 . Although now a part of established practice, the evidence supporting the insertion of an endotracheal tube with the use of cricoid pressure to decrease aspiration is questionable 5 .
One of the advantages cited for placing an endotracheal tube is to prevent the aspiration of regurgitated stomach contents into the trachea. Apart from casting doubt on the usefulness of cricoid pressure, a recent case series demonstrated that the routine use of the endotracheal tube did not reduce maternal death due to aspiration 6 . The authors also suggested the potential value of a gastric tube instead, to prevent regurgitation and aspiration. Moreover, in the elective setting, the risk of regurgitation and aspiration during anaesthesia is difficult to estimate -gastric emptying and stomach volumes have not been shown to be affected by pregnancy in non-labouring women 7 , but the reduction of lower oesophageal sphincter pressure and thus barrier pressure to reflux during pregnancy, especially in an obese patient, potentially increases the risk of regurgitation 8,9 . Han et al 10 evaluated the use of the classic laryngeal mask airway (LMA) for elective caesarean section and recommended that for experienced users, the classic LMA is effective for patients who are at a low risk of aspiration. The ProSeal™ (PLMA) is a further innovation, in that it provides a better seal for positive pressure ventilation, separation of the respiratory from the alimentary tract and the venting of gas or liquid via its unique drain port 11 . Even though the PLMA has been reported to be an effective rescue airway for failed tracheal intubation in obstetrics 12, 13 , to the best of our knowledge its role as a 'routine' airway in a large series of patients undergoing elective caesarean section has not been reported.
Aims of induction of general anaesthesia for elective caesarean section are the rapid establishment of a patent airway and the prevention of aspiration. We therefore proposed that for an elective caesarean section, provided that it could be inserted quickly, consistently and reliably, the PLMA would be a reasonable alternative to an endotracheal tube, because the risk of difficult laryngoscopy, failed intubation and pulmonary aspiration associated with the latter might be obviated. In this case series, we report our experience using the PLMA in 3000 elective caesarean sections, in a single centre, using a method of insertion that allows a rapid establishment of a patent airway plus gastric drainage. The main outcome of interest was the reliability of this device for protection against aspiration, while maintaining a patent airway, with our insertion technique.
MATERIALS AND METHODS
This study was conducted at Farah Hospital, Amman, Jordan in the six-year period from 2004 to 2009. In this institution, the caesarean section rate was between 35 to 40% and general anaesthesia was preferred by a majority of patients. With the approval of the hospital ethics committee and after obtaining informed verbal consent, we recruited patients of American Society of Anesthesiologists' physical status I and II who presented for an elective caesarean section and chose general anaesthesia. We excluded patients who had symptoms of gastroesophageal reflux, known or suspected difficult airway or anticipated difficult intubation, mouthopening <2.5 cm and patients whose pre-pregnancy body mass index was >30 kg.m -2 .
All patients were fasted for at least eight hours and were given 50 mg ranitidine intravenously one hour before the operation. In the operating room, patients were placed in the supine position with their head over one pillow and left lateral tilt. All patients were pre-oxygenated with 100% oxygen to achieve an end-tidal inspired oxygen fraction (FiO 2 ) of 0.9 while monitors including pulse oximetry, noninvasive blood pressure and lead II electrocardiogram were applied. All patients received a modified rapid sequence induction with intravenous propofol 2 to 3 mg/kg followed by rocuronium 0.9 mg/kg. Cricoid pressure was applied by a trained assistant as soon as loss of consciousness occurred. In the next minute, a size 4 PLMA was inserted. In our institution, we have been routinely using the following technique (Halaseh technique) for introducing the PLMA and this was used in all patients in this study. Before insertion of the PLMA, its sides and tip were lubricated with a water-based lubricant and a 14 FG gastric tube was loaded into and beyond the distal tip of the drain port by 10 cm. This was followed by a modified pharyngoscopy with the Macintosh laryngoscope immediately after the induction of general anaesthesia and muscle relaxation. The protruded part of the orogastric tube was guided into the oesophagus with the aid of Magill forceps before the PLMA was railroaded over the orogastric tube. At this point, the cricoid pressure was momentarily released because it has been shown that it can impede the insertion of and ventilation through the PLMA 14 . Moreover, cricoid pressure causes a proximal displacement of the LMA cuff in the hypopharynx and the plane of the laryngeal aperture to tilt 40 degrees anteriorly; both could increase the chance of malposition 15, 16 .
After insertion of the PLMA, the laryngoscope was gently removed, after which the PLMA cuff was inflated with air in 3 ml increments until an effective airway was obtained or until the maximum recommended volume of 30 ml was reached 17 . The adequacy of the intracuff pressure was confirmed by a trained observer from an evaluation by digital palpation 18 . The device was then fixed by an adhesive tape over the chin.
The patient's lungs were ventilated with an inspired tidal volume of 6 to 8 ml.kg -1 at a respiratory rate of 10 to 14 per minute using a gas mixture of 50% nitrous oxide in oxygen and 2% sevoflurane. Appropriate placement of the PLMA was confirmed by a square-wave capnogram, adequate chest movement and an expired volume of 6 to 8 ml/kg. In this study the ability to achieve all of the above within 180 seconds of pharyngoscopy was considered a successful insertion attempt. Within the prescribed limits, the anaesthetists were free to adjust the ventilation and oxygenation to establish an oxyhaemoglobin oxygen saturation (SpO 2 ) >94%, an end-tidal carbon dioxide (CO 2 ) tension between 35 and 40 mmHg and a peak airway pressure not more than 30 cmH 2 O 15 . If all these conditions were satisfied, the airway was considered to be effective.
Airway gas leak was determined by listening for an audible noise over the mouth and the difference between inspired and expired tidal volumes. If there was a significant leak (>100 ml difference between inspired and expired tidal volumes) despite maximal cuff inflation, the PLMA was replaced with a size 5 PLMA to provide a better seal 16 . If this was successful, the stomach was deflated and suctioned. For the rest of the procedure, the orogastric tube was connected to a collecting bag to allow continuous venting. Failure to insert the larger PLMA or to obtain the above criteria resulted in immediate removal of the PLMA and intubation with a size 7 tracheal tube. This was considered a rescue intubation.
The surgeons were reminded to be gentle when applying fundal pressure during delivery. After delivery, intravenous opioids and oxytocin were administered. At the end of surgery, after the return of spontaneous ventilation with the reversal of muscle paralysis, the PLMA together with the orogastric tube were left in situ. The orogastric tube was removed after complete suctioning and the PLMA was removed once the patient regained consciousness, was maintaining adequate ventilation and could open her mouth on command. The oral cavity was inspected for any sign of regurgitation of gastric contents and suctioned accordingly. The heart rate and blood pressure were documented and monitored closely throughout the procedure, with a change in excess of 25% of the baseline before induction of anaesthesia being noted.
Our main objective was to identify cases of regurgitation and pulmonary aspiration. We defined regurgitation as the identification of gastric content (with a pH <4 measured by a pH meter) into the mouth. This could be at anytime during the surgery, including the time of pharyngoscopy. The pH of the inner bowl of the PLMA was measured and a pH <4 was taken as being indicative of 'aspiration' with or without the evidence of regurgitation 20 . The study had power to detect, with a 95% probability, an incidence of aspiration of no more than 1:1000 based on a previous report 21 . Data on the following were also collected: the rate of successful insertion, the establishment of an effective airway, the need for rescue intubation and the incidence of sideeffects, such as oxygen desaturation (SpO 2 ≤93%), coughing or laryngospasm. Postoperatively, the presence of sore throat or dysphagia (by direct questioning) and dysphonia two hours after removal of PLMA were recorded. The need for admission to the intensive care unit after surgery for an adverse airway event was also documented.
RESULTS
In the study period from January 2004 to December 2009, 3943 patients had caesarean sections. There were 351 patients who either did not satisfy our inclusion criteria, even though general anaesthesia was administered, or did not wish to participate in the study. The other 592 patients preferred regional anaesthesia.
The main findings of our study are summarised in Table 1 . Even though the PLMA was successfully inserted in all patients, eight (0.3%) required reinsertion of the PLMA due to excessive leakage and inability to establish an effective airway. Record review did not reveal specific peculiarity in these patients in terms of weight, body mass indices or features related to the airway, including mouth-opening. In the other 2992 patients, 19 needed the cuff inflated to the maximum volume to prevent a leak of more than 100 ml of the tidal volume. In all the patients, the blood pressure and heart rate remained within 25% of the baseline.
There was one case of regurgitation of gastric contents after the insertion of the PLMA and the gastric tube. This occurred during fundal pressure at the delivery of the neonate. Gastric fluid was noted to emerge from the inner drain tube as well as around the major outer drain tube, some spilling over the distal port into the oral cavity. The pressure on the abdomen was immediately released. The non-solid content was immediately suctioned and there were no immediate respiratory sequelae. The pH of the inner bowl of the PLMA was not <4 and chest X-ray in the next 24 hours did not show signs of pulmonary aspiration.
The sequelae associated with use of PLMA are summarised in Table 2 . The only sequelae were sore throat, which resolved spontaneously within 24 hours with conservative treatment with lozenges and analgesic gargles, and one case of dysphonia ( Table 2 ). The cuff had been inflated to maximum cuff volume and hoarseness resolved after 24 hours. No surgery lasted beyond 120 minutes. All the PLMAs were removed at the end of surgery and they were only minimally blood-stained at the tip of the orogastric tube.
DISCUSSION
Our study showed that the PLMA could be used successfully in patients without evidence of possible airway difficulty, who presented for an elective caesarean section. Only patients whom we believed were at a lower risk for regurgitation and aspiration were included: these had a body mass index <30, were fasted, received antacid prophylaxis and did not have an anticipated difficult airway. In this select group, we were able to achieve successful insertion at the first attempt in all patients with the method of insertion described, albeit that 0.3% had to be changed to a larger size PLMA. The classic LMA has been used in this setting 10 , but we believe that the PLMA affords a better seal 22 and the possibility of gastric drainage with the PLMA may provide additional safety against regurgitation and aspiration 6 . In our series, one patient regurgitated despite the measures taken, so this risk should not be underestimated even in elective cases. This also illustrates that despite gastric drainage, the presence of residual gastric contents cannot be excluded, although we did not measure the volume of gastric contents drained in all patients. It is possible that the continued application of cricoid pressure during insertion could have prevented the regurgitation 23 , although in the case in this series, regurgitation occurred later, at the time of fundal pressure at the delivery of the neonate. It has been recommended that intra-abdominal pressure should be monitored and kept below 15 cm H 2 O 24 when the LMA is used in non-obstetrical laparoscopic surgery. Fundal pressure may result in high intra-abdominal pressure, and in some patients, precipitates nausea and/or reflux during regional anaesthesia 25 . We suggest it is prudent to limit the extent of trans-abdominal fundal pressure in this setting.
We did not detect any evidence of aspiration in this study, based on defined criteria such as inspection, pH and postoperative chest X-ray. Even though the PLMA has been shown to prevent aspiration in other studies, including one on cadavers [26] [27] [28] , to the best of our knowledge there has been no direct comparison with the tracheal tube. Based on our observational study, the upper 95% confidence limit for aspiration with the PLMA used in low-risk elective caesarean section patients is approximately 1/3000 or 0.03%. For rare events the 95% confidence limit is three times higher than the observed prevalence 21 . If accurate, the risk of aspiration incurred by the use of PLMA in this setting is comparable with that of tracheal intubation using conventional rapid sequence induction. These findings suggest that the PLMA may be a good alternative to the tracheal tube in elective caesarean section in low risk cases, although direct comparison is warranted. The PLMA has also been used in a case series of emergency lower abdominal surgeries, without complication associated with aspiration 29 .
We achieved a 100% insertion success rate using our preferred technique of PLMA insertion. The digital insertion technique used in an earlier report involving the classic LMA in elective caesarean section also enjoyed a very high rate of success at the first attempt under similar circumstances 10 . The PLMA, due to its more generous dimensions and unique design, might be considered more challenging to insert than the classic LMA. Indeed problems such as retroversion of the bowl and erroneous insertion have been reported 30 . We consider that a high success rate at the first attempt is critical in this cohort of patients, to rapidly establish a patent airway with a good seal. A technique that ensures a very high rate of success at first attempt is highly desirable. Previous studies in non-obstetric patients, using a bougie or gastric drainage tube in the gastric port of the PLMA to guide proper placement, have also enjoyed a very high success rate [31] [32] . However the risk of oesophageal trauma due to instrumentation should be borne in mind 31 . Of note, we had to replace eight of our PLMAs in favour of a larger size because of leakage, despite there being no distinctive features suggesting that these patients were different. The choice of the appropriate size of the classic LMA has been reviewed 19 but we are not aware of any guidelines for PLMA in this respect. Nevertheless in a vast majority of our patients a size 4 PLMA was used without adverse event.
The incidence of side-effects from our study was low. In terms of sore throat, our results were comparable with use of the classic LMA for caesarean section 10 . This incidence also compares favourably with tracheal tube placement, where postoperative sore throat is reported to be in excess of 25% 25 . In terms of haemodynamic stability, none of our patients had fluctuations of blood pressure of greater than 25% on the insertion of a PLMA. This shows that with the technique described, including performing a pharyngoscopy, haemodynamic stability can be maintained. An earlier study also demonstrated a variation of 0 to 20% in cardiovascular parameters with the use of the PLMA 33 . Hence, the use of a PLMA might potentially obviate the pressor response to laryngoscopy, of particular importance in hypertensive and pre-eclamptic patients. Other studies show that supraglottic airways reduce the risk of mucociliary dysfunction 34 , laryngeal oedema 35 and hoarseness of voice 36 compared to the tracheal tube, although a large comparative trial of these two types of devices has not been performed in the obstetric population.
Our study was noteworthy due to the very high rate of general anaesthesia for caesarean section in our institution. Even though regional anaesthesia is widely used worldwide and is believed to be associated with a lower risk of maternal mortality, it was not popular in our hospital at the beginning of our study. Therefore we used general anaesthesia as the primary method for caesarean section, principally due to patients' preference at that time. We did not evaluate neonatal outcome as part of this study, although detrimental effects to the neonate would not be expected with our protocol. Recent studies suggest that neonatal outcome from an appropriately conducted general anaesthesia may not be worse than spinal anaesthesia 37, 38 .
In conclusion, this series suggests that the PLMA provides an effective airway in elective caesarean section patients at low risk of aspiration. With this particular method of insertion (Halaseh technique), we demonstrated an effective airway without leakage in all but eight of 3000 patients. There was no cases of aspiration and the side-effects were generally self-limiting. The PLMA appears to be a good alternative to the tracheal tube for elective caesarean section in selected patients.
